Background: Computer models predicting outcomes among patients with Type 2 Diabetes (T2D) can be used as disease management program evaluation tools. The clinical data required as inputs for these models can include annually updated measurements such as blood pressure and glycated haemoglobin (HbA1c). These data can be extracted from primary care physician office systems but there are concerns about their completeness. Primary care practitioners were surveyed to identify barriers to recording data and strategies to improve its completeness.
INTRODUCTION
The prevalence of and health burden associated with Type 2 Diabetes Mellitus (T2D) is increasing and its management poses great challenges for primary care physicians [1] . In Australia general practitioners provide the vast majority of primary care services for patients with T2D within a fee for service remuneration system. Over recent decades many countries including Australia have attempted to address this issue by introducing primary care programs [2] aimed at improving the quality and coordination of routine care for people with T2D through the implementation of wellestablished evidence based primary care management guidelines [3, 4] . However, a significant gap exists between recommended guidelines and primary care practice in Australia [5, 6] .
Relatively recently there has been interest in computerised predictive modelling of clinical outcomes for patients with T2D [7, 8] with some quite sophisticated techniques using iterative approaches to quantify changes in risk factors and/or disease states. One such model is the UKPDS Outcomes Model which has recently released an updated version [9] . This model has the ability to predict life expectancies using individual level data and its use has been suggested as a novel approach to evaluating primary care initiatives aimed at improving the management of T2D [10] .
The data these models require are recommended to be routinely collected within general practice [11] and many of the current general practice medical record software packages used in Australia have structures designed to facilitate their collection. The data required includes patient history, clinical observations and laboratory results. Data extraction tools that access electronic medical record systems are increasingly being used for quality assurance activities within Australian primary care with recent attention being given to the validity of the information obtained [12, 13] . One study has concluded that current tools may be unreliable [12] and recent experience has also raised concerns about the completeness of these data outside of formal research trials [10, 14, 15] .
One of the major challenges to using routinely collected primary care data suitable for input into computer models to predict outcomes such as life expectancies is the extent to which general practitioners enter data through free text into a general notes field rather than through structured coded fields. Previous research has identified that barriers to physicians entering clinical data as coded entries rather than free text include time constraints during consultations [16] , issues with software interfaces and codes [16, 17] , and the under appreciation of the usefulness of coded data as a quality indicator [18] . Although attempts have been made to extract clinical observation data from free text fields [19, 20] such approaches are likely to have inherent limitations related to variations in users' text recording practices. Several Ontological techniques have also shown promise and been demonstrated to improve case finding for the creation of T2D disease registers [16, 21, 22] . A recent literature review relevant to routinely collected electronic clinical data and chronic disease management identified completeness, accuracy, correctness and timeliness as major dimensions that need to be considered when assessing data quality for both research and patient care purposes [23] .
This study examines electronic data extracted from Australian general practice electronic medical records systems being used routinely outside of a formal research trial environment. The objectives of the study were first; to describe the completeness of clinical data for the management of T2D in primary care extracted from an electronic physician office system; second to determine whether patient characteristics were associated with completeness of data and; third to report general practitioners' self-reported barriers to recording data and strategies that might overcome these barriers.
METHODS

Physician Office System:
Data was analysed from twelve general practices that had previously participated in a study looking at evaluating the impact of a primary care program on the management of T2D in the Australian general practice setting [10] . All practices used the medical software Best Practice TM as their electronic medical record system. This software has been designed specifically for the needs of Australian general practitioners and has the ability to record current and past visit notes, past medical conditions, clinical observations and laboratory results, both through the use of free text and/or structured drop down menus. Best Practice TM software was introduced into Australian general practice in 2004 and it has the capacity to receive comprehensive data migration from other computer software packages that were in use prior to this date.
Within Best Practice TM general practitioners can enter coded data in parts of a patient's medical record, for example, "reason for visit" or "past medical condition" by selecting an option from a series of drop down menus. The system then uses its own internal coding dictionary to record this data in structured tables. These fields also have a capacity for the practitioner to enter free text if there is not a suitable option available in the drop down menu. Best Practice TM has several designated areas within a patient's medical record for entering clinical measurement data e.g.
weight and blood pressure, and although practitioners can also enter these data within a general free text notes field (the "Today's notes" field) the data will not be readily accessible unless it is entered into a designated data area.
The software also has the ability to receive laboratory data provided it is presented in a standard format (Health Level Seven (HL7)) and then assigned a unique internal code (Logical Observation Identifiers Names and Codes (LOINC)) to facilitate storage, analysis and presentation. All laboratory data are required to be reviewed by the general practitioner prior to incorporation into a patient's medical record and the software has the ability to display summaries of past readings to monitor patient care.
Identification of T2D patients and their clinical data:
Data from twelve individual practice systems were extracted using simple Structured Query Language (SQL) programs written by the researchers. Clinical data were only extracted from the designated internal tables within the software and although there was limited free text searching of the "past medical history" field no free text searching of the "Today's notes" field was performed.
Patients with T2D were identified through electronic searching of the "past medical condition" and "reason for visit" fields (recorded in the Past History internal table) for T2D related codes or free text terms identifying the condition T2D [15] and supplemented by a search for glycated haemoglobin (HbA1c) levels above 6.5% (48 mmol/mol) [24] . Predictive computer models can set patient eligibility criteria based upon age at T2D diagnosis [9] and consequently only patients who had been diagnosed with T2D between the ages of 45 and 64 years who were regular patients were included in the study analysis. Patients were only included in the study for the period after they were diagnosed with T2D. Being a regular patient was defined as having presented to an individual practice on at least two occasions per year with this status allowed to change from year to year dependent upon the number of visits made to a practice during the relevant calendar year. The clinical data assessed included blood pressure, weight, HbA1c, total cholesterol and HDL-cholesterol.
These five data parameters were chosen as they are often required to be included as inputs into models that predict clinically relevant outcomes, for example, life expectancy) [9] . Their availability at least on an annual basis is required by some predictive models and the presence of an annual reading was the major study outcome factor.
Study period and patient characteristics:
Data for the period 2000 to 2012 inclusive were available and examined to look for a temporal trend.
Data were also analysed to look for an association between patients' characteristics (age, gender, length of time since diagnosis of T2D, presence of comorbidities) and availability of annual data for the five clinical data parameters. Comorbidity was considered as a dichotomous variable with a past history of ischaemic heart disease, myocardial infarction, stroke, atrial fibrillation, peripheral vascular disease, chronic renal failure and/or blindness considered significant.
General Practitioner Survey:
A questionnaire asking medical practitioners about their usual practice concerning measuring clinical and laboratory data for their T2D patients was offered to all 12 practices in March 2015 with a maximum of 3 responses per practice permitted (appendix -instrument). They were also asked about when they manually entered data into a patient's record whether they did this as free text or used a coded drop down menu. The questionnaire also asked for their opinion about a series of potential barriers to recording data and strategies that could be used to overcome these using a 5
point Likert agreement scale. The survey was developed based upon existing literature (16, 17, 18) and consensus between two of the study's authors. Practitioners had the option to compete the survey on-line or in a written form.
Statistical Analysis:
Temporal trend in data completeness
As overall data completeness was poor in the period prior to 2009 formal analysis of a change in In 2012, the average age of the patients was 63.5 years (sd 7.6 years), the median duration of diabetes was 7 years, 57.7% were male, 20.4 % had a comorbidity with 12.3% having ischaemic heart disease and 9.2% were on insulin therapy. 
Fixed Effects Analysis for 2009 patient cohort
General Practitioner Questionnaire
There were 16 responses from 9 of the 12 practices with 3 responses the maximum from a single practice. All respondents indicated that their routine practice was to check blood pressure at least 6 monthly but only 6 checked weight at least 6 monthly. Glycated haemoglobin was checked at least 6 monthly by 14 practitioners with serum lipids (cholesterol, HDL-cholesterol and triglycerides) checked at least annually by all practitioners.
Three practitioners indicated that they would type free text into the "Today's notes" field to manually record information with the remainder indicating they normally used the relevant drop down menus. All respondents indicated that more than 75% of their laboratory test results were received electronically and incorporated into patients' records automatically. Eight practitioners indicated that they never entered any laboratory results manually. Three practitioners from two different practices responded that a nurse at their practice made clinical observations and entered these into the patient's record. Table 3 presents the proportion of practitioners who strongly agreed or agreed with potential barriers to recording clinical information in a coded manner and some strategies to overcome these barriers. Overall the responses disagreed that the factors listed were barriers to recording clinical information in patient's electronic records. There was support for three of the four strategies to assist practitioners enter data. is reasonable to assume that missing laboratory test data is most likely to be due to the patient not having undergone the test rather than it not being recorded. General practitioner knowledge of appropriate monitor frequencies for laboratory tests relevant to T2D was high in this study but this may not necessarily have transferred into implementation.
The relatively high proportion of available annual blood pressure readings and the suggestion of this increasing over time was encouraging. For these data to be available the practitioner must not only manually enter them (in contrast to laboratory data) but do so into the appropriate field within a patient's medical record rather than as free text within the "Today's notes" field. This finding suggests that general practitioners are changing their recording practices for data collected during physical examinations. Should this be the case, then the persistence of a figure of only 55% for the availability of weight measurements implies that there is a specific barrier to patients having their weight measured in primary care rather than a problem recording the measurement.
The prevalence of co-morbidities may appear lower than expected although the proportion of patients with ischaemic heart disease was comparable with other Australian data published in 2009 (12.3 % compared with 15.7%) [29] . The under-reporting of comorbidities such as chronic kidney disease in electronic health records has been reported in previous studies and may have occurred [30] .
From the practitioner survey it appears that clinicians are aware of the current monitoring guidelines for their patients with T2D and a lack of knowledge is unlikely to be the cause for sub-optimal recording of the clinical parameters reported. The finding that T2D patients with IHD are more likely to have their blood pressure recorded appears logical as current guidelines emphasise the need to optimise its control among patients with established cardiovascular disease [31] . However, it is counter intuitive that T2D patients on insulin therapy don't have their weight recorded as often as those not on insulin as suggested by this study. When interpreting the significance of this finding it should be done with the knowledge that weight recording for all patients with T2D in the study was well below what is recommended for routine management.
The practitioner survey suggested that practitioners were using their software's ability to readily access past results to monitor patient care and that the usability of the software was good. The strategies to further assist data recording that were identified are relatively straight forward to implement although the greater use of practice nurse time to measure and record clinical observations may have an opportunity cost.
The definition of a regular patient used in the study was an individual who had attended the same practice on two or more occasions during the same calendar year. This is somewhat more frequent that the standard definition used for a regular patient in Australia [32] but given that many clinical parameters for T2D are recommended to be measured at least 6 monthly, a greater number of visits was deemed reasonable.
The major strength of this study is that it provides data collected outside of a formal clinical setting and as a result its findings are likely to be representative of the practitioners' data recording practices. The inclusion of practitioners' self-reported knowledge and habits complements the detailed quantitative analysis of extracted data and provide context to its interpretation.
There are several limitations to the study. Firstly, the identification of T2D patients relied on searching the "Past History" data table within Best Practice TM and HbA1c readings compared to more complex ontological approaches [23] . However, it is important to note that the "Past History" table includes both "reason for visit" and "past history "fields and that entries were searched for free text as well as coded values. Consequently the identification process was likely to have had adequate sensitivity. Secondly, the study outcome is the presence of a value and a formal check of its validity was not conducted. As such the increase in the proportion of recording of values may be of little benefit if there has been a commensurate decrease in validity or accuracy of the data recorded. However, this is unlikely to be a problem with laboratory results given the quality assurance processes laboratories routinely employ as part of their normal business processes.
Thirdly, the apparent increase in proportion of recorded readings has been confirmed by a fixed effect model for panel data. This analytic approach uses subjects as their own controls and assumes the characteristics of individual patients that may influence practitioners' behaviour don't vary over time [25] . Fourthly, the number of responses to the general practitioner survey was small. However, responses were obtained from 75% of practices that provided the electronic data for the study allowing its results to assist in the interpretation of the study's main findings.
Finally, the generalizability of the findings to other disease states and other software packages may be limited. The study only looked at one software package and differences between user interfaces and software functionality may well influence practitioner recording behaviours [16, 17] .
Computer models are being increasingly used to evaluate health care initiatives and becoming more sophisticated [9] . In order to maximise the potential from these approaches it is imperative that routine high quality data are available. This study demonstrates that the completeness of data in Australian general practice is improving although it is doing so from a relatively low base and the availability of historical data is somewhat limited. This study has only addressed one dimension of data quality and other dimensions such as accuracy, correctness and timeliness [23] need to be considered to fully assess the potential usefulness of applying computer model techniques to predict clinically significant outcomes for patients with T2D in the Australian general practice setting.
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SUMMARY TABLE
What we already know
• primary care electronic medical record systems can provide input data for computer models to predict patient outcomes such as life expectancy
• primary care physicians use a combination of free text and coded data recording in electronic medical records
• free text recording poses a challenge for extracting data that are suitable as computer model inputs What this study added to our knowledge
• primary care practitioners are improving coded data completeness of most parameters for patients with diabetes.
• some characteristics of patients with type 2 diabetes are associated with data completeness
• there are simple strategies that could be trialled to further improve coded data completeness Thank you for completing this questionnaire.
APPENDIX -INSTRUMENT GENERAL PRACTITIONER QUESTIONNAIRE -DATA RECORDING PRACTICES
Please contact xxx should you have questions or concerns about the questionnaire.
